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Abstract: Objective To optimize the infiltration process of Astragalus (Astragalus membranaceus var. mongholicus) medicinal
materials by Box-Behnken response surface method. Methods Based on the HPLC-DAD-ELSD and response surface design method,
the qualified rate of decoction pieces, the content of index components and bending inspection were used as comprehensive inspection
indicators, and the three factors of infiltration were selected for response surface experimental design to optimize the infiltration
process of Astragalus medicinal materials parameter. Results The best infiltration process was as following: infiltration temperature
was 20 C, with water addition of 1:0.988 for 6 h. Under this process, the qualified rate of Astragalus pieces was 95.81%, the content of
calycosin-7-glucoside was 0.072%, and the content of astragaloside IV was 0.276 %. Combining fingerprint analysis and heat map
analysis, the material basis of 4. membranaceus var. mongholicus changed during the infiltration process. The infiltration parameters
should be strictly controlled during the infiltration process to ensure uniform quality of the pieces. Conclusion The optimized
Astragalus medicinal material infiltration process is stable and feasible with good reproducibility, which can provide a reference for the
mass production process development of Astragalus medicinal slices.
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Fig. 1 Changes of water absorption rate with time
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K (1:1.2),
22 BEAMRZEILZMMKL
221 BRSSO E e

(1) XFHB RISV ) 2% . TR 6 S B 0 1R

BB, HHEFE, TR B R 50

pg/mL [PV, B 5 68 S 2 I 50 vl

(2) PB4 ISR AM I R
1 g, FWEME, BREIEHEHT, BEMDAHE 50
mL, FREFE, KBMAKET 4 h, BG4, HFEE
HWERRR R, $R5), JEi, K% S IE R 25 mL,
BARIT, 2T, FRENFEAW, %52 5SmL
B, ER, BB, 022 um fALIEE g,
R 7S S A R

(3) At AR N LR Zorbax SB-Cis
(250 mmX4.6 mm, 5 pm); BN ZE-0.2%
FR KA, RV : 0~20 min, 80%~60% . Ji;
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25 C; HEFEE 10 uLs BISHCEUZ B 5 2R H 4
BT SEAMIE T 3 000,

(4) FEFDTE : 53 7RS35 IR EDORT HEL ot Vv 5 i
RAAEAS 10 L, JENBAH R, 5E .
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(1) XF RS IRV ) s O v F 56 R o
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Table 1 Response surface design and results
WiS Xih  X/C XME Y% & Y% & Yi/% Ya|iRET Xih Xo/C X/fE Y% & Y% & Y% Ya
1 9(0) 20(-1) 1.2(+1) 0.0597 | 02845 t 7643 1 10 6 40 04 00351 | 02824 % 88.15 1
2 9 20 04(-1) 00552 | 02856 t 9277 0| 11 1240 12 00314 | 02964 t 51.79 1
3 6(-1) 40(0) 1.2 0.0450 | 02904 t 74.60 1 12 9 40 0.8 0.0304 | 02810 t 7241 1
4 12 (+1) 20 0.8(0) 0.0607 | 02742 t 7245 1 13 6 60 0.8 00350 } 02811 % 5837 1
5 6 20 0.8 0.0716 | 02564 | 9621 0| 14 12 40 04 00322 | 02501 4 83.19 1
6 9 60 (+1) 0.4 0.0355 | 02936 t 87.08 1 15 9 40 0.8 0.0422 | 02718 t 7895 1
7 9 40 0.8 0.0314 | 02300 | 70.06 1 16 9 40 0.8 0.0343 | 02957 t 73.14 1
8 9 60 1.2 0.0287 | 02652 | 48.74 1 17 9 40 0.8 00311 | 02485 | 68.12 1
9 12 60 0.8 0.0268 | 03035 t 64.50 1
“&” RAMIBEFHEE SR 0.078 5%, WEKTHSEN0.2707%;: “ | t 7 ZRMETREEAGM & & EA. T SHRE. ke

“ ﬁ%ﬁ%ﬂg “17, 4‘{:}%% “0”

“&” The content of calycosin-7-glucoside in the original medicinal materials is 0.078 5%, and the content of astragaloside IV is 0.270 7%. “ | 1 ” Indicates

that the content of medicinal materials has increased or decreased compared with that of uninfiltrated materials. Bending inspection: set the qualified bend

inspection to “1” and the unqualified to “0”

£2 ML FESHR

Table 2 Variance analysis of Y1 and Y2

TS — _ : =
SEHA HEEE B FfE Pl RBFMH CFHM AdlE ¥ Ffi P TFEMK
TEERY 0.002 7 9 0.0003 129900 0.0014 * 0.0017 9 0.0002 0.28000.9600
X 0.000 2 1 0.0002 6.8700 0.0344 *  0.0000 1 0.0000 0.0359 0.855 0
X 0.001 8 1 0.0018 79.6000 <0.000 1 **  0.000 2 1 0.0002 0.33910.578 6
X 5780X10 1  5.780X107% 02506 0.6320 0.000 1 1 0.0001 0.11440.745 1
XXz 1.823X10° 1 1.823X10 0.0790 0.786 8 5290X106 1 5290X107°0.0079 0.9318
X1.X3 0.000 0 1 0.0000 12400 0.3021 0.000 4 1 0.0004 0.545 6 0.484 1
X2X3 0.000 0 1 0.0000 13800 0.2779 0.000 2 1 0.0002 0.27720.614 8
X2 0.000 0 1 0.0000 1.5300 0.2557 0.000 1 1 0.0001 0.189 5 0.676 4
X2 0.000 6 1 0.0006 25.1900 0.0015 * 0.0003 1 0.0003 0.391 0 0.551 6
Xz 3.060X10° 1 3.060X1076 0.1326 0.726 5 0.000 3 1 0.0003 0.499 0 0.502 8
W7 0.000 2 7 0.0000 0.004 7 7 0.0007
K 0.000 1 3 0.0000 0.9239 05061 & 0.0020 3 0.0007 0.95510.4947 &
HAR R ZE 0.000 1 4 0.0000 0.002 7 4 0.0007
BB 0.0029 16 0.006 4 16

*HAREME, =HaReRREE, K3 H
*significant **highly significant, same as table 3
MR TS ER MO, SGRER, SKE
L/ ME 2[RI Z RN 0.073 5%, ASERRIE A1
S B RSD N 7.053 6%. %45 RER, fEASK
WRTIE MR RTEEN, HERE S22 E
JEBML, SHEBMNERFESEY LR ELm.
BRI Z T R RIR, AR AR Y
KB RE AT (P<0.000 1), JINTAE,

Ui B 2 IR AT o B F A AT DA W 7E B AR R R
MR AR Z NSRS 5>X0>X.
2 RIENABA TR ¥3=73.938 8—5.675 0 X;—
9.896 2 X,—12.453 7 Xs+7.472 5 X1 Xa—4.462 5 X1 X3—
5.500 0 XoX3, [AJAAE7A R2=0.948 2, PiH@T 2 Ik
[ 1S 2R S RS R . B8 7 pr
SRR, O GRS ERIRIER (A IRIEEE .
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Table 3 Variance analysis of ¥3 and Y4
Ys Ys
T ZERUR
EHM HBEE WA FE P REM CPHM BHE By FMHE PH REME
it 2705.91 6 450.98 30.5100 <<0.0001  ** 151 9 01683 47100 00266  *
Xi 257.64 1 257.64 17.4300  0.0019 *  0.1250 1 01250 3.5000 0.1036
X 783.49 1 783.49 53.0000 <0.0001  **  0.5000 1 05000 14.0000 0.0072  *
X 1240.77 1 1240.77 83.9300 <0.0001  **  0.1250 1 01250 3.5000 0.1036
XX 223.35 1 22335 151100  0.0030 * 02500 1 02500 7.0000 0.0331  *
XX 79.66 1 79.66 53900  0.0427  *  0.0000 1 0.0000 0.0000 1.0000
Xo X 121.00 1 121.00 81900 0.0169 * 02500 1 02500 7.0000 0.0331  *
X2 0.000 0 1 0.0000 0.0000 1.0000
X2 0.263 2 1 02632 73700 0.0300  *
X3 0.000 0 1 0.0000 0.0000 1.0000
W7z 147.83 10 14.78 0.250 0 7 0.0357
AT 80.67 1345 08009 06160 & 02500 300833
H#RRZE 6715 4 16.79 0.000 0 4 0.0000
Mgz 285373 16 1.76 16

& 2

KBTS . AHSEERF, RO I I A
F| REE 7, WOR B ITIER R W 26 Tk F
ZEDR . BPTSLIGN, BRI YT,  ELWTE i &
JREEN 15 AREIRIZ YT, WA H0idh 0.

YR A T 22 s R iow,  [Rl ) BEA BfAk
FIEZEKT (P<0.05), H FAEATLLHIBI7E R AR R
FH, P B TR A S K R B X > X =X,
2 RENAER RN ¥Y4=0.882 4+0.125 0 X+
0.250 0 X>+0.125 0 X3—0.250 0 X;1X>—0.250 0
XX, AR R2=0.858 3, i@ 2 Ykl 75
B S ITR AR S L I B T 4 R EOR,
LY A 4 R EEIR A ) IR . K =GN
[iEEhiie

RZEXEX Yi. Y YaHIENE

Fig.2 Influence of factor interaction on Y1, ¥3 and Y4

K H Design-Expert 12.0 %4 TZES%5,
HIRFEE MR 4. TN R NE 5. 15305
T 2N IERE] 6 h, RN 20 C, IIKE
N 0.988. ZEMT, M GHEN 95810%, B
SRR B BN 0.072%, EE R RES N
0.276%, SIRE . SaBita s,
WEE>0.990 M L2245, IRIERE] 6 h, 1ZiEER
B 20 C, MUKEN 0917~1.012 1%, ZGHEN,
TR A% 2 95.458%~96.210%, Tk 5 2 Jii 1 ot
BOHCA 0.071%~0.072%, EEHEHRESBN
0.276%, Skt Ets.

2.2.7 WIEIREE  AIAE T 2R M, FREGE K YE
SEEIIZH 1. 2. 3kg, EBRE T EE4PAT
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Table 4 Parameter optimization limit table (coded)

W 3 Ik, RNE 6. HEERIFAILRER,
BLZRE. WEE, SHBHEZERD.

aF Ak RIEE REE EENE 23 RENRESMERMESEE RALE T E
Xi R -1 1 3 231 REXMEEERH S BOTKRE. RE
X2 R -1 1 3 R I, HEE . BEREE. AR
X3 T -1 1 3 T TWAER . OWAEEE R, I TR A
el R 0.026 8 0.071 6 3 HE VAR
2 R 0.23 0.303 5 3 2.3.2 SR EAWEI%  F “2.2.17 .
Y3 I 48.74 96.21 5 233 @ik EIEH N ZHER Zorbax SB-Cis
Y dils 0 1 1 (250 mmX 4.6 mm, 5pum); RN NK-ZIE,
x5 IZHUHER GRBRE)
Table 5 Process optimization results (coded)
Y5 X1 X2 X3 )4 Y2 Y; Ya R &
1 -1.000 -1.000 0.471 0.072 0.276 95.810 0.301 0.995 ik
2 -1.000 -1.000 0.454 0.072 0.276 95.850 0.295 0.994
3 -1.000 -1.000 0.440 0.071 0.276 95.883 0.290 0.994
4 -1.000 -0.999 0.481 0.072 0.276 95.757 0.306 0.994
5 -1.000 -1.000 0.372 0.071 0.276 96.056 0.264 0.993
6 -1.000 -1.000 0.328 0.071 0.276 96.166 0.248 0.993
7 -1.000 -0.996 0.503 0.072 0.276 95.639 0.318 0.992
8 -1.000 -1.000 0.311 0.071 0.276 96.208 0.242 0.992
9 -1.000 -0.999 0.348 0.071 0.276 96.093 0.257 0.992
10 -1.000 -0.994 0.511 0.072 0.276 95.597 0.322 0.992
11 -0.989 -1.000 0.496 0.072 0.276 95.571 0.315 0.992
12 -0.997 -1.000 0.293 0.071 0.276 96.210 0.236 0.991
F< 6 IERR
Table 6 Verification test
25 i i /kg Y1/% RSD/% Y2/% RSD/% Y3/% RSD/% Ys
1 0.071 2.158 0.274 1.472 95.990 1218 1
2 0.071 2.143 0.275 1.307 95.730 0.407 1
3 0.070 2.471 0.274 1.283 95.840 0.402 1

Ve E : 0~18 min, 10%~20%Z /i : 18~30 min,
20%~28%Zfi#; 30~40 min, 28%~35%Zfif; 40~
60 min, 35%~50%Z}E; 60~70 min, 50%~80%
M 70~80 min, 80%~90%Z.fiE: 80~90 min,
90% M A 77y ELSD; i#EFf# 20 uL.
234 WETVE 53 RS G0 FE S AR
BHR AT S 20 pL, FEANERORM G, i3t
RGNS
23.5 FRGUENE LY LR

(1) WE%E: BURAMER, B “2217 TR
FESL VR &R, SR 6 51, MIA KL

AU RSD BI/NT 5%, S5 RRIHIRREHEE R ITS
(2) HEM: RUEZAMBAR, B “22.17 BiF
FESBI T, TATHIE 6 R, IR ILE g
RSD /T 5%, ZERKHELEM R
(3) FeErE: BURZAME R, | “22.17 T
Al TV R, A RIFE 0. 44 8. 124 18,
24, 36, 48 h #EHE, MR HILAHUE RSD ¥/h T 5%,
SERR AR E M R .
2.3.6 FROUENERIEEST T ARIE AT TR SR
SIS LA R, 0% ELSD Al 2% N e gk iR &
Xof R A B K LTI SEI6 R 17 0B i MG R



- 6202 ¢Ed

Chinese Traditional and Herbal Drugs

ES1E F248 2020012 B

(S1~S17) VAKJEZM g EEE (S18) S AZE
HHZG RS S B, AR, JRARYE
A IefE B E, BEWARBURRIRIESIE T2
MRS 224k

HHE 3. 4 LLAER 7 T LLBR A tH, AN[ERRE T
2T, MR R, SRIR bR A 45
BRF O bRE, AR R 25k . RS R
(E5) ATLUE Y, 3 RIR I AR o A i 3= B AT 2R
R3RIE, Mg 1~4. 7. 13 A3, 1§ 5, 8. 12,
10 BR—3, g 6. 11. 9 BH—K. L Eitkss
A IS B AR A AT LLE BTG SR e R AR
Ak R o S AR FERE . P 5 FTLAE i 1 (B
BRI, 2 (UWAETE). 3 (BERHEED. 5
CEERTFID. 7. 8. 12, 13 S EABMMEER KA.
7t ELSD kil 28 ~, 38 &R 20 51211 )5 25 M AR
FERARHN 0.813 (S16), AENZIEAFEA S14 5 S6 2
() AEALLE B AR 0.843 0 b 88 e B 7 P54 AE
HHEBERE. WA AR, HEA]
RE T KR EEAL N TC . ARDLEE S 3R 45 SRR 1,

SI8
S17 -
si6

SRR TR B S B R AR U, BT
H2GR. MAEMRIEARE T, 5 V)5 Rl
UM L ZEZH, RO IR R — €.

6

t/min

- BE AT 2-TWAET 3-BEREN 4HEEHE
SESRT I 6-MUIER 7RI
1-calycosin-7-glucoside 2-ononin 3-calycosin 4-astragaloside IV

5-astragaloside II  6-formononetin  7-astragaloside I

B3 RAXRMA

Fig. 3 Picture of mixed reference substance
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S13
S12 —
S11
S10
S9
S8
S7
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S3
S2
S1

t/min

4 ELSD jEfEIEXILL (S18: [RZ5#H)
Fig. 4 Comparison of ELSD fingerprints (S18: original medicinal materials)
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Table 7 Fingerprint similarity (ELSD) under different infiltration conditions

B L

i St S22 S3 S4 S5 S6 S7 S8 S99 S10 S11 S12 S13 S14 S15 S16 S17 S18
S1 1.000 0.991 0.960 0.956 0.983 0.922 0.976 0.980 0.958 0.979 0.963 0.956 0.963 0.967 0.989 0.925 0.984 0.945
S2 0.991 1.000 0.987 0.974 0.987 0.922 0.991 0.988 0.962 0.988 0.956 0.951 0.948 0.981 0.986 0.908 0.991 0.963
S3 0.960 0.987 1.000 0.977 0.970 0.900 0.989 0.977 0.944 0.973 0.928 0.925 0.914 0.982 0.962 0.868 0.984 0.974
S4 0.956 0.974 0.977 1.000 0.974 0.922 0.970 0.992 0.952 0.988 0.946 0.969 0.923 0.947 0.975 0.902 0.971 0.921
S5 0.983 0.987 0.970 0.974 1.000 0.969 0.964 0.989 0.991 0.994 0.989 0.982 0.981 0.945 0.997 0.960 0.992 0.931
S6 0.922 0.922 0.900 0.922 0.969 1.000 0.874 0.933 0.992 0.953 0.989 0.970 0.981 0.844 0.961 0.990 0.947 0.843
S7 0.976 0.991 0.989 0.970 0.964 0.874 1.000 0.980 0.925 0.971 0.919 0.921 0.909 0.996 0.966 0.856 0.979 0.975
S8 0.980 0.988 0.977 0.992 0.989 0.933 0.980 1.000 0.965 0.997 0.966 0.978 0.949 0.960 0.992 0.925 0.983 0.932
S9 0.958 0.962 0.944 0.952 0.991 0.992 0.925 0.965 1.000 0.979 0.995 0.979 0.988 0.902 0.984 0.980 0.978 0.900
S10 0.979 0.988 0.973 0.988 0.994 0.953 0.971 0.997 0.979 1.000 0.977 0.982 0.960 0.948 0.994 0.942 0.984 0.924
S11 0.963 0.956 0.928 0.946 0.989 0.989 0.919 0.966 0.995 0.977 1.000 0.987 0.994 0.894 0.988 0.989 0.973 0.884
S12 0.956 0.951 0.925 0.969 0.982 0.970 0.921 0.978 0.979 0.982 0.987 1.000 0.973 0.890 0.986 0.974 0.960 0.864
S13 0.963 0.948 0.914 0.923 0.981 0.981 0.909 0.949 0.988 0.960 0.994 0.973 1.000 0.890 0.980 0.988 0.969 0.881
S14 0.967 0.981 0.982 0.947 0.945 0.844 0.996 0.960 0.902 0.948 0.894 0.890 0.890 1.000 0.946 0.968 0.969 0.983
S15 0.989 0.986 0.962 0.975 0.997 0.961 0.966 0.992 0.984 0.994 0.988 0.986 0.980 0.946 1.000 0.959 0.989 0.926
S16 0.925 0.908 0.868 0.902 0.960 0.990 0.856 0.925 0.980 0.942 0.989 0.974 0.988 0.968 0.959 1.000 0.932 0.813
S17 0.984 0.991 0.984 0.971 0.992 0.947 0.979 0.983 0.978 0.984 0.973 0.960 0.969 0.969 0.989 0.932 1.000 0.965
S18 (J&) 0.945 0.963 0.974 0.921 0.931 0.843 0.975 0.932 0.900 0.924 0.884 0.864 0.881 0.983 0.926 0.813 0.965 1.000
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Fig. 5 Comparative study of clustering of common peaks
under ELSD
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